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Reference is made to the following documents: 

D1 : DATABASE MEDLINE [Online] US NATIONAL LIBRARY OF 

MEDICINE (NLM), BETHESDA, MD, US; 8 August 2001 (2001-08-08), GAN D 
ET AL: "Tunable swelling kinetics in core-shell hydrogel nanoparticles." 
XP002330084 Database accession no. NLM 1 1480971 

D2 : BOYKO V ET AL: "Thermo-sensitive poly(N-vinylcaprolactam-co- 

acetoacetoxyeth yl methacrylate) microgels: 1 -synthesis and characterization" 
POLYMER, ELSEVIER SCIENCE PUBLISHERS B.V, GB, vol. 44, no. 26, 
December 2003 (2003-12), pages 7821-7827, XP004475138 ISSN: 0032-3861 

D3 : US 4 575 539 A (DECROSTA ET AL) 1 1 March 1 986 (1 986-03-1 1 ) 
D4 : DATABASE EMBASE [Online] ELSEVIER SCIENCE PUBLISHERS 

AMSTERDAM, NL; 2000, SENFF H ET AL: "Influence of cross-link density on ' 
rheological properties of temperature-sensitive microgel suspensions" 
XP002330085 Database accession no. EMB-2000328241 

D5 : DATABASE BIOSIS [Online] BIOSCIENCES INFORMATION 

SERVICE, PHILADELPHIA, PA, US; July 2002 (2002-07), VIHOLA HENNA ET 
AL: "Binding and release of drugs into and from thermosensitive poly(N- 
vinylcaprolactam) nanoparticles" XP002330086 Database 
accession no. PREV200200450428 ^ 



The present application describes an aqueous dispersion of hydrogel nanoparticles 
comprising interpenetrating polymer network (IPN) nanoparticles and the preparation 
thereof. 



Novelty 

The present application does not meet the criteria of Article 33(1) PCT, because the 
subject-matter of claims 1 -47 is not new in the sense of Article 33(2) PCT. 
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The documents D1-D5 discloses all an aqueous dispersion of hydrogel nanoparticles 
comprising interpenetrating polymer network (IPN) nanoparticles. 

Document D3 discloses interpenetrating polymer network nanoparticles with two 
polymer networks and substantially free of a shell and core polymer configuration. 
Documents D1, D2, D4 and D5 all discloses interpenetrating polymer network 
nanoparticles with either one or even two polymer networks. All of said 
interpenetrating polymer network nanoparticles are thermosensitive and 
thermoreversible gelation will occur, since they are of the same or at least a similar 
composition as in the present application. 

The product claimed in claims 1-14 and 41-47 is not novel over the prior art perse. A 
new process of preparation does not necessarily lead to a new product. A new 
product must have structural differences to the product in the prior art. If applicant 
questions novelty of said product, said differences must be demonstrated. 

2. Inventive step 

Should the applicant overcome the abovementioned novelty objections, he should 
turn his attention to the relevance of D1-D5 with regard to the inventive step of the 
claimed subject-matter. 

Starting from document D3 a person skilled in the art confronted with the problem to 
created an interpenetrating polymer network nanoparticles with two polymer 
networks, free of a core and shell polymer configuration and thermoreversible 
behaviour would find enough hints in any of documents D1, D2, D4 or D5 to get a 
solution as proposed in the present application. 

Even if it is not explicitly mentioned that the gelation is thermoreversible, it is obvious 
that if the composition is the same, the behaviour will be the same, at least as long as 
no other evidence nor proof is shown. 

3. Industrial applicability 

The present claims 1-47 seem to be industrially applicable. 
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WHAT IS CLAIMED IS: 

1 . An aqueous dispersion of hydrogel nanoparticles, comprising: 
interpenetratingpolymernetwork( u LPN") nanoparticles, wherein each IPKnanoparticte 
comprises a first polymer network interpenetrating a second polymer network; and 

an aqueous medium; 

wherein, the IPN nanoparticles are substantially free of a shell and core polymer 
configuration; and the aqueous dispersion of hydrogel nanoparticles can undergo a 
reversible gelation in response to a change in stimulus applied thereon. 

2. The aqueous dispersion of hydrogel nanoparticles of claim 1, further comprising a 
biologically active material. 

3. The aqueous dispersion of hydrogel nanoparticles of claim 2 wherein the biologically 
active material is: a drug* a pro-drug, a protein, or a nucleic acid. 

4. The aqueous dispersion of hydrogel nanoparticles of claim 1, wherein the stimulus 
comprises a change in temperature. 

5. The aqueous dispersion of hydrogel nanoparticles of claim 4, wherein the temperature 
change above a gelation temperature ("Tg") induces a volume phase transition of the IPN 
nanoparticles, resulting in an inverse thenno-thickening property of the aqueous dispersion of 
hydrogel nanoparticles. 

6 . The aqueous dispersion of hy dTOgel nanoparticles of claim 5, wherein the inverse thermo- 
thickening property is a transformation from a low-viscous fluid to a gel when heated above the 



7. The aqueous dispersion of hydrogel nanoparticles of claim 5, wherein the Tg is about 



34°C, 
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8. The aqueous dispersion of hydrogel nanoparticles of claim 1 , wherein the first polymer 
network comprises poly(N-isopropylacrylamide) or hydroxypropylcellulose. 

9. The aqueous dispersion of hydrogel nanopardcles of claim 1, wherein the second polymer 
network comprises poly(acrylic acid). 

10. The aqueous dispersion of hydrogel nanoparticles of claim 1 , wherein the first polymer 
network comprises poly(N~isopropylacrylamide) and the second polymer network comprises 
poly(acrylic acid). 

1 1 . The aqueous dispersion of hydrogel nanoparticles of claim 1, wherein the mono-disperse 
nanoparticles have a uniformed sized hydrodynamic radius. 

1 2. The aqueous dispersion of hydrogel nanoparticles of claim 1, wherein the mono-disperse 
nanoparticles have an average hydrodynamic radius in the range from about 75 nrn to about 200 
ran. 

13. The aqueous dispersion of hydrogel nanoparticles of claim 1, wherein the first polymer 
network and second polymer network in the mono-disperse nanoparticles have weight ratio of 
about 1:1.88. 

14. The aqueous dispersion of hydrogel nanoparticles of claim 1 , wherein the first polymer 
network and the second polymer network form a total polymer having a concentration range 
from about 1 .25 wt% to about 5.25 wt% in distilled water. 

15. A method of preparing an interpenetrating polymer network ("OW) of mono-disperse 
nanoparticles, comprising; 

(a) providing a first mono-dispersed polymer nanoparticle prepared by mixing a first 
monomer^ a surfactant, a first cross linking agent, and a first initiator at a first 
temperature; 

(b) adding to the first mono-dispersed polymer nanoparticle a second monomer, a 
second cross linking agent, a second initiator and an activator forming a nanoparticle 
solution; 
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(c) mixing the nanoparticle solution for a period of time at a second temperature to 
form the IPN of mono-disperse nanoparticles; and 

(d) isolating the IPN of mono-dispersed nanoparticles; 

wherein the first monomer, the .first cross linking agent, the second monomer, and the 
second cross linking agent are substantially free from dissolved oxygen gas. 

16. The method of claim 15, further comprising (e) mixing the isolated IPN of mono- 
dispersed nanoparticles with a biologically active material at a third temperature. 

17. The method of claim 16, wherein the biologically active material is a drug, a pro-drug, a 
protein, or a nucleic acid. 

18. The method of claim 16, wherein the third temperature is below a gelation temperature 
("Tg") of the IPN of mono-disperse nanoparticles in an aqueous mixture. 

1 9. The method of claim 1 8, wherein the Tg is about 33°C. 

20. The method of claim 15, wherein the first mono-disperse polymer comprises poly(N- 
isopropylacrylamide) or hydroxypropylceilulose. 

21. The method of claim 15, wherein the second monomer comprises poly(acrylic acid). 

22. The method of claim 15, wherein the first mono-dispersed polymer nanoparticle 
comprises poly(N-isopropylacrylamide) and the second monomer comprises acrylic acid. 
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23. The method of claim 15, wherein the first cross linking agent comprises N,N'- 
methylenebisacrylamide; .the second cross linking agent comprises HN'- 
methylenebisacrylamide; the first initiator comprises potassium persulfate; the second initiator 
comprises ammonium persulfate; the surfactant comprises sodium dodecyl sulfate ("SDS") and 
the activator comprises TEMED. 



an 



24. The method of claim 15, wherein the IPN of mono-dispersed nanoparticles have 
average hydrodynamic radius in the range from about 75 nm to about 200 nm. 

25. The method of claim 15, wherein the period of time is less than 130 minutes. 

26. The method of claim 25, wherein the period of time about 120 minutes. 

27. The me thod of claim 1 5, wherein the first temperature is about 70°C. 

28. The method of claim 15, wherein the second temperature is about 21"C. 

JUL . A nieth ° d ° f Pteparing " «^ of cross-linked interpenetrating polymer networks 
( IPN") nanoparticles, comprising: 

(a) providing a dispersion of IPN nanoparticles; 

(b) adding a first cross linking agent and a second cross linking agent to the 
d, S persion of IPN nanoparticles, forming an IPN cross linking solution; and 

(c) heating the IPN cross linking solution to a first temperature for a period of time 
forming the nanocluster of cross-linked JGPN nanoparticles; 

wherein, the mono-dispersed IPN nanoparticles have a uniformed size and comprise a 
first polymer network interpenetrating a second polymer network and is substantially free 
from a shell and core polymer configuration; the mono-dispersed IPN nanoparticles can 
undergo a reversible gelationin response to a change in stimulus applied thereon 
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30. The method of claim 29, further comprising (d) mixing the nanocluster of cross-linked 
IPN's with a biologically active material at a second temperature. 

3 1 . The method of claim 30, wherein the biologically active material is a drug, a pro-drug, a 
protein, or a nucleic acid. 

32. The method of claim 30, wherein the second temperature is below a gelation temperature 
C'Tg") of the nanocluster of cross-linked IPN nanoparti'cles in an aqueous dispersion. 

33. The method of claim 32, wherein the Tg is about 33°C. 

34. The method of claim 29, wheTem the first polymer network comprises poiy(N~ 
isopropylaciylaroide) and the second polymer network comprises poly(acrylic acid). 

35. The method of claim 29, wherein the first cross linking agent comprises l-ethyl-3(3- 
dimethylaminopropyl) carbodiimide hydrochloride ("EDAC"); and the second cross linking 
agent comprises adipic acid dihydrazide. 

36. The method of claim 29, wherein the nanocluster of cross-linked IPN's an average 
hydrodynamic radius in the range from about 155 nm to about 250 nm. 

37. The method of claim 36, wherein the nanocluster of cross-linked IPN's have an average 
hydrodynamic radius in the range from about 225 nm to about 240 inn. 

38. The method of claim 29, wherein the period of time is about 25 to about 45 minutes, 

39. The method of claim 38, wherein the period of time is about 33 to about 37 minutes. 

40. The method of claim 29, wherein the first temperature is about 44 D C. 
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41 . A nanocluster of cross-linked interpenetrating polymer network ("IPN") nanoparticles, 
comprising: at least two IPN nanoparticles linked by a cross-linking group; wherein, the each 
IPN nanoparticle have a uniformed size and comprise a first polymer network interpenetrating a 
second polymer network and is substantially free from a shell and core polymer configuration. 

42. The nanocluster of claim 41 , further comprising a biologically active material. 

43. The nanocluster of claim 42, wherein the biologically active material is a drug, a pro- 
drug, a protein, or a nucleic acid. 

44. The nanocluster of claim 41, wherein the first polymer network comprises poly(N- 
isopropyiacrylamide) and the second polymer network comprises poly(acrylic acid). 

45. The nanocluster of claim 41, wherein the cross linking group comprises adipic acid 
dihydrazide. 

46. The nanocluster of claim 4 1 , wherein the uniformed sized nanoparticles have an average 
hydrodynamic radius in the range from about 155 nm to about 250 nm. 

47. The nanocluster of claim 46, wherein the nanoparticles have an average hydrodynamic 
radius in the range from about 180 nm to about 1000 nm. 
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